Purpose: Evaluate the auditory and visual components of working memory in 60 students of both genders. The students were divided into two groups: an experimental group (EG) comprising 30 children with Attention Deficit Hyperactivity Disorder (ADHD) and a control group (CG) consisting of 30 children with neither attention deficits nor learning disabilities. The study found that EG exhibited lower performance than CG. A comparison of two types of working memory: auditory and visual indicated that subjects with ADHD performed best in auditory working memory, while CG subjects performed best in visual working memory. It was also noted that the performance of both groups suffered phonologically and semantically analogous interference effects and temporal effects with greater prejudice to the experimental group.
Introduction
Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental disorders in children and the most frequent diagnosis in clinical neuropsychiatry (Barkley, 2008; Walshaw, Alloy, & Sabb, 2010) . Constituting a multifactorial heterogeneous disorder, ADHD presents significant challenges involving attention deficits, excessive motor activity and impulsiveness. Anatomical, biochemical, neurophysiological and functional studies highlight the involvement of specific brain circuits in ADHD, demonstrating its neurobiolog-enrolled between the 1st and 5th year of public elementary school. The subjects were divided into two groups matched for age: an experimental group (EG), comprising children diagnosed with ADHD, and a control group (CG), consisting of children with neither attention nor learning deficits.
Twenty-five male (83.33%) and five female (16.67%) students constituted the experimental group. Potential participants were referred for interdisciplinary (neuropsychological, speech therapy, psycho-educational, psychiatric and neurological) diagnosis at UNICAMP's Research Laboratory, and only those with ADHD (combined subtype) confirmed by rigorous diagnostic evidence based on DSM-IV were included in the study. Other criteria required for inclusion were an intelligence quotient (IQ) within the normal range (>80), no complaint of sensory or motor deficits, nonuse of psychotropic medication during the evaluation process, absence of any associated neurological symptoms and parental authorization in the form of a signed informed consent form.
The control group comprises 12 male (40%) and 18 female (60%) students, who were evaluated in their public school in Campinas, SP and selected on their teachers' confirmation of satisfactory performance with no evidence of attention deficits or learning disabilities. The participants were referred for interdisciplinary (neurological, neuropsychological and speech language therapy) diagnosis at UNICAMP's Research Laboratory. CG was matched with EG for age, and subjects underwent neuropsychological evaluation by a psychologist. Other criteria required for CG inclusion were IQ within the normal range (>80), no complaint of sensory or motor deficits), nonuse of psychotropic medications, absence of any associated neurological symptoms and a signed parental informed consent form.
Instruments
Subjects undertook Ferreira's proposed adaptation of the Working Memory Assessment Protocol, consisting of visual and auditory tests with tasks of free serial recall in direct and reverse order, repetition of words and nonwords and task spans in forward and reverse order for auditory and visual data (Ferreira, 2011) . The protocol is linguistically balanced according to the articulatory complexity of speech to Portuguese, word length (bi-, tri-, and polysyllabic) and degree of familiarity. The words, which are common in children's vocabulary, conform to constant/vowel rules and have short, medium and long lengths (Andrade, 2003; Ferreira, 2011) .
The protocol comprises six steps: repetition in direct order, free recall, verbal span, visual span, repetition of nonwords and recall in reverse order. The initial two steps present lists of words that are phonologically or semantically similar or dissimilar.
In step 1, the serial repetition lists comprise bi-and tri-syllabic words with like phonology and dissimilar semantics (bola/cola/rola) (malote/pacote/calote); words with dissimilar phonology and like semantics (maçã/ pera/mamão); and words with dissimilar phonology and semantics (velha/fome/bicho). In step 2, the free repetition lists involve polysyllabic words with complex phonology and dissimilar semantics (computador/mecânico/ macacada/livramento); words with dissimilar phonology and like semantics (color) (anel/jarra/ombro/amarelo/ verde/vermelho/azul/disco/cachorro); bi-syllabic words with like phonology and dissimilar semantics (mata/ bata/pata/cata/chata/lata); and polysyllabic words with dissimilar phonology and semantics (secretaria/escorregador/computador/framboesa). The lists in Step 3 (verbal span) consist of bi-syllabic words with like phonology (vela/mela/tela) and with dissimilar phonology and semantics (saco/neto/ovo).
Step 4 (visual span) uses cards of diverse colors (white/black/blue/red/green/pink/yellow), which must be remembered in forward and reverse order, according to their presentation by the test administrator.
Step 5 involves repetition of bi-and tri-syllabic nonwords. Finally, step 6 involves the recording of bi-syllabic words in reverse order.
The protocol's implementation requires 20 to 30 minutes, depending on the subject's necessities.
Procedures
This study was approved by the Faculty of Medical Sciences, UNICAMP Research Ethics Committee (Opinion No. 1064 . EG subjects were individually assessed in treatment rooms at the Research Laboratory in the Clinical Hospital of UNICAMP. CG subjects were evaluated in their school. Implementation of the Working Memory Assessment Protocol test took an average of 25 minutes per child (Ferreira, 2011) .
The following tests were used for statistical analysis: a) Mann-Whitney to determine differences between the groups; b) the Friedman test to ascertain differences among studied conditions, compared concurrently; c) the Wilcoxon signed-rank test, adjusted by Bonferroni correction (Statistical Package for Social Sciences, version 17.0), to identify pair-differences when statistically significant differences were found; and d) a likelihood ratio test, with a significance level of 5% (p < 0.5) to determine differences between genders in various age categories.
Results
The ages of the subjects in the studied groups (EG and CG) varied from 7 years, 1 month, to 10 years, 11 months. Characterization of the sample with respect to age indicated no significant difference between the groups, thus confirming homogeneity compared to age variable (p = 0.884). The Mann-Whitney test indicated an overall mean age of 8.82 years ( Table 1) .
The subjects' age distribution was analyzed, using the Mann-Whitney test. According to its statistical analysis, there was homogeneity between the study groups (p = 0.084). To ascertain possible group differences for age variable, the likelihood ratio test, where p = 0.851, was used ( Table 2) .
Gender differences in terms of age were assessed, using the Mann-Whitney test, which indicated no significant differences (p = 0.572) ( Table 3) .
The two groups differ significantly in all scores of the Working Memory Assessment Protocol, according to the statistical analysis of the Mann-Whitney test (Table 4) .
Due to the occurrence of statistically significant differences between subtests, the Wilcoxon signed-rank test, adjusted by Bonferroni correction, was used to identify the conditions under which they differ. Table 4 shows statistically significant differences between subtests 1A /1B, 1A/1C, and 1B/1C. In regard to free repetition, there were no statistically significant differences between the analyzed pairs in EG. In GC, only the pairs 2B/2A, 2C/2B, 2D/2B, and 2E/2B showed statistically significant differences ( Table 5) .
Discussion
The study's findings enable the creation of a likely profile of functioning auditory and visual WM in children 2-and 3-syllable words with like phonology and dissimilar semantics; 1B: 2-syllable words with dissimilar phonology and like semantics; equal; 1C: 2-syllable words with dissimilar phonology and semantics; 2A: polysyllabic words with complex phonology and dissimilar semantics; 2B: words with dissimilar phonology and like semantics; 2C: 2-syllable words with like phonology and dissimilar semantics; 2D: words with dissimilar phonology and semantics; 2E: polysyllabic words with dissimilar phonology and semantics; 3A: span of words with dissimilar phonology and semantics; 3B: span of words with like phonology and dissimilar semantics; 4A: visual span, direct order; 4B: visual span, reverse order; 5A: no 2-syllable words; 5B: no 3-syllable words. Wilcoxon test; 1A: 2-and 3-syllable words with like phonology and dissimilar semantics; 1B: 2-syllable words with dissimilar phonology and like semantics; 1C: 2-syllable words with dissimilar phonology and semantics; 2A: polysyllabic words with complex phonology and dissimilar semantics; 2B: words with dissimilar phonology and like semantics; 2C: 2-syllable words with like phonology and dissimilar semantics; 2D: words with dissimilar phonology and semantic; 2E: polysyllabic words with dissimilar phonology and semantics. Bonferroni alpha < 0.001488 < 0.001488; 3A = auditory span with bi-syllabic word with like phonology and dissimilar semantics; 3B: auditory span with dissimilar phonology and semantics; 4A: visual span, direct order; 4B: visual span, reverse order.
with ADHD. In general, EG subjects evidenced significantly lower performance in all tests than their CG counterparts did. This result relates to changes in attention and executive functions in children with ADHD, as noted in the literature (Walshaw, Alloy, & Sabb, 2010; Abad-Mas, Ruiz-Andres, & Moreno-Madri, 2011; Schoemaker, Bunte, Wiebe et al., 2012) . In comparing performance in auditory and visual tests, EG subjects performed better in the former. These findings conform to data obtained by Andrade, whose study objectives did not include comparing auditory and visual test performance (Andrade, 2002) .
In considering the effect of phonological similarity, both groups experienced the greatest difficulty in effectively recalling lists of words, but EG underperformed when compared to CG. It should be noted that when EG test data in repetition of tri-and five-syllabic words with like phonology and dissimilar semantics, dissimilar phonology and like semantics, and dissimilar phonology and semantics were analyzed, average performance was lowest in the absence of semantic effect, followed by phonologically similar and semantically different words and finally words with dissimilar phonology and like semantics. The difficulty presented by EG subjects is explained in the literature by the fact that, in individuals with ADHD, the effect of phonological similarity increases the likelihood of errors resulting from acoustical confusion and is exacerbated by the problems arising from greater mental exertion and lower attentional performance (Li, Schweickert, & Gandour, 2000; Schweitzer, Faber, Grafton et al., 2000; Andrade, 2002; Tiffin-Richards, Hasselhorn et al., 2008; Kofler, Rapport, Bolden et al., 2010; Ferreira, 2011) . Another point raised in the literature is that children with ADHD use neuronal pathways that are less efficient in solving tasks involving working memory, as well as those related to executive functioning and data manipulation (Farrel, 2006) .
The positive effect of words with dissimilar phonology and like semantics on serial recall in direct order and on free recall is evident for both groups. Repetition is facilitated since the meaning of the words to be recalled is accessible and associations among them can be made. Semantic similarity also facilitates free recall, aiding memory by enabling word associations. The improvement in EG subjects, however, was significantly less than that observed in CG subjects since children with ADHD make less efficient or even no use of semantic association strategies (Andrade, 2002; Kofler, Rapport, Bolden et al., 2010) .
Concerning recall of polysyllabic words with complex phonology or dissimilar phonology and semantics, little difference was observed. Recall was adversely affected by word length with greatest impact on EG. According to Andrade, this occurs because children with ADHD do not sustain attention for sufficient time to hear a long word to its end (Andrade, 2002) . Furthermore, the longer the word's length, the longer is its articulation and the greater is the effect of time on the degradation of auditory data, negatively affecting the span. In relation to word length, Rodrigues & Befi-Lopes (2009) note that research indicates that the best repetition of word sequences occurs when the time of articulation required to pronounce phonemes, syllables, words or pseudowords is less.
Overall, no significant difference was observed between EG and CG in the repetition of lists of bi-and trisyllabic nonwords, but individuals in the latter group showed superior performance. In this type of test, children do not use semantic or lexical props to facilitate recall. It is possible that the subjects relied solely on phonological aspects to remember, suggesting that working memory depends not only on attention but on phonological processing as well.
In regard to the auditory span, EG subjects were able to recall 3.63 and 3.00 words, respectively, for bi-syllabic words with dissimilar phonology and semantics and those with like phonology and dissimilar semantics. Regarding the visual span, EG subjects experienced greater difficulty in recall in direct and reverse order than CG subjects, with both groups encountering greater difficulty in recall in reverse order, as is explained by the need for greater attentional control, cognitive flexibility and planning in selecting a strategy to invert items displayed visually (Hasselhorn & Grube, 2003; Ferreira, 2011; Sagrilo & Ferreira, 2012) . CG subjects performed substantially better in recalling words in reverse order than their EG counterparts, in conformity with Andrade's research (2002) . This type of task demands greater use of attention as it is not an everyday activity. In recall in reverse order, the last words on the list are more readily recalled since less time has ensued and therefore they have yet to suffer temporal degradation, while retaining more phonological support (Hulme & Tordoff, 1989; Rapport, Alderson, Kofler et al., 2008) .
In order to assist the understanding of the functioning of working memory in children with ADHD, it is suggested a future study of this ability within each subtype, in order to check the working memory performance among inattentive, hyperactive and combined.
Conclusion
In conclusion, in assessing the overall performance of both groups in terms of phonological working memory, a significant difference was observed, with EG underperforming CG. The lower performance for children with ADHD reported in this study corroborates the findings of previous research (Andrade, 2002; Schweitzer, Faber, Grafton et al., 2000; Rapport, Alderson, Kofler et al., 2008) .
Notwithstanding the dearth of studies on the effects of similarity in working memory, this study suggests some characteristics of the performance profile of children with ADHD in that regard. It was observed that such subjects present auditory and visual changes in WM. This commends consideration of enhanced focusing in rehabilitation on auditory aspects to minimize the cognitive-linguistic changes and maximize learning potential.
